SEMICONDUCTOR DEVICE WITH RESISTOR PATTERN AND METHOD 

FABRICATING THE SAME 



Field of the Invention 

5 This disclosure generally relates to semiconductor memory devices and, more 

specifically, to a semiconductor memory device with a resistor pattern and methods of 
fabricating the same. 

ttar.V ground of the Invention 
10 Semiconductor integrated circuits can be formed from active devices, such as diodes 

or transistors, and from passive devices such as capacitors, resistors, and inductors, m any 
combination. Typical integrated circuits use a resistor pattern having high resistance. 
Conventionally, the resistor pattern of a semiconductor device is formed of doped polysilicon 
having a relatively high sheet resistivity (Rs). The polysilicon is used in various parts of 
15 fabricating the semiconductor integrated circuit. A gate electrode (i.e., part of an xmportant 
active device) of the transistor typically includes a polysilicon layer. Capacitor electrodes 
(i e., a storage electrode and a plate electrode) are also formed of polysilicon. However, smce 
the transistor requires a low gate resistance for low power-dissipation and a high speed- 
operation, the gate electrode of the transistor is typically formed of a polycide layer 
20 comprising a stacked polysilicon layer and a silicide layer. 

Among semiconductor memory devices, a FLASH memory device typically includes 
a floating gate formed of a single layer of polysilicon and a control gate electrode formed of a 
polycide layer. 

As illustrated in Fig. 1, a device isolation layer 12 is disposed in a substrate 10 to 
25 define an active region 14. Source and drain regions 30s and 30d are disposed in the active 
region 14. A gate stack 16 including a floating gate 20a, a gate interlayer dielectric layer 28, 
and control gate electrodes 22, which are sequentially stacked, is disposed on a substrate 
between the source and drain regions 30s and 30d. In addition, a resistor pattern 1 8 is 
disposed on the device isolation layer 12 and resistor electrodes 28 are connected to both 
30 edges of the resistor pattern 18. The resistor electrodes 28 are long enough to extend through 
an interlayer dielectric layer 26, which covers the entire surface of the substrate. 

As further illustrated in Fig. 1, the cell transistor of the FLASH memory device 
includes the floating gate 20a, which is formed of polysilicon. This enables a resist pattern to 
be formed using the polysilicon layer 20b that is also used for forming the floating gate 20a. 
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Fig. 2 is a cross-sectional view of a conventional DRAM memory device. 
Referring to Fig. 2, in the DRAM memory device, a device isolation layer 42, 
defining an active region 44, is disposed on a substrate 40, and source and drain regions 48s 
and 48d are disposed in the active region 44. A gate electrode 59 is disposed on a substrate 
5 between the source and drain regions 48s and 48d. A capacitor is connected to the source 
region 48s. The capacitor includes a lower electrode 60 connected to the source region 48s 
and an upper electrode 56a formed at each divided sector in a cell array region. To lower the 
gate resistance, the gate electrode 59 is formed of polycide that includes a polysilicon layer 
50 and a silicide layer 54. Therefore, a resistor pattern may not be formed from the 
10 polysilicon layer 50 that forms the gate electrode 59. Thus, a resistor pattern 56b of the 
conventional DRAM memory device may be formed of a polysilicon layer that is used to 
form the lower electrode 60 or the upper electrode 56a. 

As explained above, the FLASH memory device and the DRAM memory device may 
include a step of forming a resistor pattern formed of a single polysilicon layer during each 
15 step of forming the floating gate and the capacitor, respectively. In a semiconductor device 
with a polycide gate electrode, a desired resistor pattern typically is formed by making a 
resistor pattern of a single polysilicon layer or by reducing the thickness or the width of the 
polysilicon layer. A method of fabricating a resistor pattern having high sheet resistance in a 
semiconductor device with a polycide gate is taught in US Patent No. 6,313,516 entitled 
20 "Method for Making High-Sheet-Resistance Polysilicon Resistors for Integrated Circuits". 

Figs. 3-6 are cross-sectional views showing a method of fabricating a semiconductor 

device with a typical resistor pattern. 

Referring to Fig. 3, a device isolation layer 62 is formed in a substrate 60 to define an 
active region 64, and source and drain regions 66s and 66d are formed in the active region 64. 
95 A gate electrode 78 is formed on an active region 64 between the source and drain regions 
66s and 66d. An interconnection or a lower electrode 80 is formed on the device isolation 
layer 62. 

A capacitor dielectric layer 76 is further formed on the entire surface of the resultant 
substrate. The gate electrode 78 and the capacitor lower electrode 80 are formed of polycide 
30 comprising polysilicon 70 and refractory metal silicide 72, which are sequentially stacked. 

Referring to Fig. 4, a resistor pattern 88 is formed on the capacitor dielectric layer 76. 
The resistor pattern is formed by sequentially stacking a thin doped polysilicon layer 82 and a 
thick undoped polysilicon layer 84, thereby increasing sheet resistance. 
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Referring to Figs. 5 and 6, an interlayer dielectric layer 86 is formed on the entire 
surface of the substrate with the resistor pattern 88. Next, electrodes 90 are formed to extend 
through the interlayer dielectric layer 86 and connect to both edges of the resistor pattern 88. 

As explained above, since the sheet resistance of polycide is low, the resistor pattern 
cannot be formed during formation of the gate electrode. Therefore, separate steps for 
forming the gate pattern and forming the resistor pattern are required, and the gate electrode 
and the resistor pattern are formed on different layers, thus increasing a step difference of the 
device. 

Embodiments of the invention address these and other limitations in the prior art. 

Summary of the Invention 
Embodiments of the present invention provide a method of fabricating a resistor 
pattern having high sheet resistance by using a polycide layer for a gate electrode in a 
semiconductor device with the resistor pattern. Embodiments of the invention also provide a 
1 5 semiconductor device with a resistor pattern that is formed narrower than the minimum line 
width that can be defined in a photolithographic process so that sheet resistance thereof 
increases, and a method of fabricating the same. 

Brief Description of the Drawings 
20 Fig. 1 is a cross-sectional diagram illustrating a cell pattern and a resistor pattern of a 

conventional FLASH memory device. 

Fig. 2 is a cross-sectional diagram illustrating a cell pattern and a resistor pattern of a 

conventional DRAM memory device. 

Figs. 3-6 are cross-sectional diagrams illustrating a method of fabricating a 
25 semiconductor device with a typical resistor pattern. 

Fig. 7 A is a layout diagram illustrating a semiconductor device with a resistor pattern 
in accordance with an embodiment of the present invention. 

Fig. 7B is cross-sectional diagram of a semiconductor device with a resistor pattern, 

taken along line A- A of Fig.7A. 
30 Figs. 8-10 are cross-sectional diagrams illustrating the semiconductor device with a 

resistor pattern in accordance with an embodiment of the present invention, taken along line 
A-A of Fig. 7 A. 



Patent Application 



3 



Docket No. 4591-330 
Client No. IE12101-US 



Figs 1 1 and 12 are cross-sectional diagrams showing a method of fabricating a 
semiconductor device with a resistor pattern in accordance with another embodiment of the 

invention, taken along line A- A of Fig. 7 A. 

Figs. 13A is a layout diagram illustrating a semiconductor device with a resistor 
pattern in accordance with another embodiment of the present invention. 

Figs 1 3B is a cross-sectional diagram of a semiconductor device with a resistor 
pattern in accordance with the embodiment described with reference to FIG. 13A, taken 

along line B-B of Fig. 13 A. 

^ Figs 14-16 are cross-sectional diagrams showing a method of fabncating a 

semiconductor device with a resistor pattern in accordance with the embodiment described 
with reference to FIG. 13 A, taken along line B-B of Fig. 13A 

Figs 17-19 are cross-sectional diagrams showing a method of fabricating a 
semiconductor device with a resistor pattern in accordance with another embodiment of the 
invention, taken along line B-B of Fig. 13 A. 

Fig. 20 is a layout view illustrating a semiconductor device in accordance with yet 

another embodiment of the present invention. 

rw.t a ilf«l Descrioti"" of F.mhodiments 
The present invention will be described more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments of the invention are shown. This 
invention, however, can be embodied in many different forms and should no. be construed as 
Untiled to the embodiments set forth herein. Rather, these embodiments are provided so that 
this disclosure will be thorough and complete, and will fully convey the scope of the 
invention to those skitled in the art. In the drawings, the thickness of tayers and regtons are 
exaggerated for clarity. It wiil also be understood that when a layer is referred to as betng 
••on" another layer or substrate, it can be directiy on the other layer or substrate, or 
intetvening layers may also be present. Like numbers refer to like elements throughout. 

Referring to Figs. 7 A and 7B, a semiconductor device having a resistor pattern m 
accordance with .his embodiment of .he preset,, invention includes a device isolafion layer 
, ,02 and an active region 104 that are disposed in a substrate 100. A source region 120s and a 
drain region 120d are formed in the active region 104. A gate electrode .14 is disposed on tire 
active region i04 between the source and drain regions 120s and 120d. The gate electrode 
, ,4 may include an overlapping region on fhe device isoiation region 102. The gafe etectrode 
1 14 comprises a polysitieon pattern 1 10a and a metal silicide pattern 1 12a that are 
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seq „e„.ia„y stacked, and may further comprise a gate capping insulatton layer 6 o the 
J, a, suicide partem 112a. A resistor pattern 108 is disposed on the — ^ 
,02. As iUustrated in the drawings, the resistor pattern 108 is formed * he toe-shaped » - 
t0 achieve high resistance and comprises a single region of polysilicon. A metal sthc.de .ayer 

,08. Contac, plugs ,22 are connect ,0 me source and drain regions ,20s an 120d 
respectively. Resistor electrodes 124a are connected at horn edges of the restsror pattern 108. 
G L spacers „8a are disposed on sidewalls of the gate electrode 1 .4, and reststor spacers 
„8h are disposed on the sidewaUs of the resistor pattern ,08. The gate spacers U a may 
,0 proven, a short between the contac, plug 122 and the ga,e e.ectrode ,14 and ,hey a so form 
L junction structure of me source and drain regions ,20s and ,20d. The comae, plugs ,22 
Jme resistor e,e*rode ,24a are connected ,o me source region ,20s, ,he dram regton 
,20d, and me resistor pattern 108, respecttve.y, through an interiayer d,electnc ,ayer 126 
whi ch covers Ute entire surface of me subside. The inner sidewall of me restslor spacer , b 

protrudes over me resistor pattern ,08 to contac, the interiayer dielectnc layer 126. 

Figs 8-10 illustrate a method of fabricating a semiconductor device wtth a res,stor 

* "t, A Aove Referring ,o Fig. 8, a device isolation layer 102 is formed in a 
pattern, as described above. Referring tons 

Lbsuate ,00 to define an active region ,04. A source region ,20s, a dram regton ,204 and a 

UOd are fomred by imp.anfing impurities into file active region ,04. The gate elect ro e^ 4 
is formed with a polycide sttucrure by secmentiaUy salting a polysilicon pattern . 0a amU 
silicide pattern , 12a. Additionally, a gate capping insulation layer 16 m^ f -d 
on the meta, silicide pattern 1 12a Gate spacers 1,8a are formed on me stdewaHs of me gate 
25 electrode ,14. The spacers 118a are formefi so ma, ajunction srmcmre of me sourceand 
drain regions ,20s and ,20d are formed ,o have LDD or ODD structure, and fitey fitrm r 
* ven, a short between an interconnecfion and me gate electrode , 14, which ,s connected to 
he source and drain regions ,20s and UOd. Up to this step in fabrication, a convennona^ 
semiconduc.or device may be emp.oyed. However, in this embodiment a resistor patom m 
30 is nex, fomred on me device isolafion layer ,02. Since the resistor pattern ,08, as we,, « me 
Z ecttode ,14, may have a polycide structure, a second polysilicon pattern , ,0b and a 

capping insulafion layer , 16a may be formed on .he second me,a, sihc.de pattern 1 ,2b. 
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Refetting .0 Fig. 9, the second metal silicide patten. 1 .2b of «he re.is.or pattern .0 
etched to expose the top surface of Ore second poiysiiicon pattern 1 10b and a portton o the 

pattemitOh. The second meta, sihcide pattern ,12b may he removed 
5 pattern is fonned to expose the entire or a portion of the resistor pattern ,0 . N x the 
capping insuiation iayer i 16a is etched. If only a portion of me res,s,or pattern 08 . 
exToscl dte photoresist pattern then covers hoth edges of the line-shaped res,,or pattern and 

10 ^of.e— 

perfonned to form resistor electrodes 124a of Fig. 7A,wn.c .„.„„,,„ 
he interiayer die.ecttic ,ayer 126 and connect ,o both edges of the resistor pattern 
form contact pnigs .24g, which are connected to the sonrce region 120s, the dram region 

120d, and the gate electrode 114. „,„ Ko ii 
Figs 11 and 12 illustrate another embodiment of the invention. Refemng to F.g. 1 
„s,ng the same method of.be embodiment explained with reference to Fig. 8, a gate electrode 
U4 s formed on the active region 104 and a resistor pattern 108 is formed on the device 

substrate. The firs, interiayer dielectric layer ,26 is then patterned .o form an opening ; 128. 
20 which exposes me entire or aporfon of .he top surface of the resistor pattern 08. The 

nattern 112b in the opening 128. 

Referring to Fig. 12, the second metal silicide pattern 1 12b exposed in the opening 
128 is removed «„ expose Ore top surface of the second poiysiiicon pattern 1 10b and mner 
25 sidewalls offte resistor spacers 118b, which are aligned to the sidewalls of me second 

Silicon pattern 1 10b. Depending on the region exposed by the opening 128, the secon 

have aremamingpar, atboth edges of me resistor pattern .08, such that the resistor p ttern 
Z includes a stngle poiysiiicon pattern and a muhi-.ayered pattern of po.ys.hcon and metal 

30 SmCide Continuing to refer to Fig. 12, a second interiayer die.ecttic layer ,30 is formed on the 
entire surface of ,he suhsttate. The second interiayer dielectric ,ayer ,30 fills Ore opemng 
,28. A process for planariring the second interiayer dielecttic layer .30 may be fiuther 
pertoJed. Then, a contact plug ,22 and resistor electrodes 124aof Fig. 7A are formed. The 
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, , connected tothe source and drain regions ,20s a»m0d through both 

contact plugs 122 are connecreo „ fi md 1 30 and the resistor electrodes 124a 

the firs, and second interlayer dielecmc layers ,26 - U * - 
are connected a, both edges of the resrstor pattern ,08. fa case wh 
filicide oattem 1 12b may remain at both edges of the res.st pattern 108, the 

alue may decrease, bu, me pattern, except for both edges of me res,s,or pattern ,08, ts 

Figs 13A - 16 illustrate other embodiments according to the mvenfon. Refemng 
Figs 13A and 13B, a semiconductor device with a resistor pattern in accordance with this 

ga ,e electtode 2,4 disposed on die active region 204, and a ™«<*^™^™ 
evice isolation layer 202. 3n die same way as the previous,, desenbed — 
SO urce and drain regions 220s and 220d are formed in the active regron 20 and the ga e 
lrode2,4is disposed 

and 220d. Tfre gate e,ee,rode 214 has a po.ycide structure of a polysihcon pattern 2,0 and , 
ZZ silicide pattern 2,2, A gate capping insu,a,ion layer 2,6 may be more forme, on ft. 

Te lg subsLe, contact p.ugs 222 are connect to the source and dram regions 220 and 

30 disposed on sidewaUs of the ga,e e,ecttode 2,4 and inch.de firs, gate spacers 2,8a and 
30 mspos ,,o, thatareform edofalayeridenticaltothere S1 slorspacers. 

l 208 Bomedge S ofmeresis,orpattem208areformed,ohavea S .ruc«ureof 

— -trsr 
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.he meta. sUicide layer a, both edges of the resistor pattern 08^ 

— *° tr^rl-rle^an^e^^.^e 
isolation layer 202 is formed in a regum 

,04. The source and drain regtons ™ ide s — which is a 

sequential stacking of a polysthcon pattern 210a and a m 

and a second metal sthc.de pattern 212b ar , ^ ^ 

sediment explained with reference to F.gs. 8 and 9 ^ 

Howeverwtmtbisembodimen ^^^0— ,tt>refer,oHg, 5 , 

21 0b and the curved sidewall opposite ,o me verttca, stdewall. In thts case, 

Keiemng, iu n & » w Pr 102 thus creating 

** o 1 nh ;« etched to expose the device isolation layer ™ 
30 polysilicon pattern 210b is etched P rf ^ 

«/hpre the device isolation layer 2U2 is expo^u. 
hollow regions 232 whe^ the d ^ ^ ^ 

hollow region 232 are aligned to the edges of ttie nthewidthofthe 

Mth nf the resistor pattern is determined by depending on 
Therefore, a w*th of* ^ ^ pattem 208 is th e re by increased due to 

upper spacers 230. The sheet resistan ^ ^ 
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,he par, of the resistor pattern 208 that was etched out for the hollow regions 23Z h, ahe 
above step of forming «t= hollow region 232, both edges of Ore resistor pattern 208 rue 
covered wi,h.p^P^a4 rf ^.3^-»^An^^-^ 
lay er 226 is formed on the entire surfaee of.be substrate with the boUow regron 232« 
e, Lodes 224a of Fig. . 3 are formed ,o connee, with both edges of One rearstor W 
.hrough the interiayer dieiectnc ,ayer 226, and contaet phrgs 224 are forme, — J* 
,he sole region 220s, the drain region 220d, and the gate eieorrode 2,4, , ereby fabrrcabng 
,he semiconduetor device with a resistor pattern illustrated in Figs. 1 3 A and 3B. 

Rgs .7-19 are cross-sectional views illustrating a variation of the above-descnbeti 
embodimenr, taken along line B-B of Fig. >3A. Referring Fig. 17, as described above a 

device isolation layer 202. A flrs. interiayer dielectric layer 226 with an openmg 23 ,s 
formed on the entire surface of the substrate, and me entire or a portion of the top sur *=e o 
.he second polysilicon pattern 210b is exposed in the opening 238. Next, upper spacer 230a 
are formed on me sidewalls of me opening. The upper spacers 230a includes a verttea^ 
sidewa,, aligned ro rhe second polysilicon pattern 2 10b and a curved stdewall oppos.te ,o the 
vertical sidewall. 

Referring to Fig. 18, using the firs, interiayer insulation layer 226 and the upper 
spacers 230a as an etch mask, the second polysilicon pattern 210b is etched to expose a 

device isolation layer 202 is exposed. The remaining second polystheon patterns 2,0c forms 
thesidewaUsofthehollowregions232. 

Referring ,0 Fig. ,9, a second interiayer die.ecrric layer 234 ts formed on the enttre 

5 2 38. Contact plugs 222 may be formed through the firs, and second and 

dielectric layer 226 and 234 to connect with tire source region 220s and the dram regron 

ber slstor pattern 208. If ,be second metalsilicide pattern 2 ,2b remains, bom edg. of* 

silicide pattern 212, as illustrated in Fig. 13a. However, the reststor pattern 208 ,s sttl, 
mgte polysilicon pattern, excep. for borh edges, and an efficiently high s ee, resistance may 
e achll. As a result, a semiconduCr device with a resist pattern as i„ustt,e m F.gs 
7A and 7B can be fabricated. ,f an opening 238 is formed to expose an enttre surface of .be 
r esis«or pattern 208, me second metal si.icide pattern 2,2b of the resistor pattern 208 ts 
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completely removed and the entire top surface of the second polysilicon pattern 210b is 
exposed. In this case, as illustrated in Fig. 20, the resistor pattern 208 is a single polysilicon 
layer that thinly surrounds the hollow region 232. The resistor electrodes 224a are formed to 
overlap both edges of the resistor pattern 208. 

Therefore, according to a broad aspect of the present invention, a semiconductor 
memory device with a resistor pattern, including a part having a single layer of polysilicon, is 
provided. The device includes a device isolation layer disposed in a substrate to define an 
active region, source and drain regions formed in the active region, and a gate electrode 
formed on the active region between the source and drain regions. Further, a gate insulation 
layer is interposed between the gate electrode and the active region, a resistor pattern is 
formed on the device isolation layer, and resistor electrodes are connected to both edges of 
the resistor pattern. In this case, the gate electrode includes a polysilicon pattern and a silicide 
pattern that are sequentially stacked on the gate insulation layer. However, the resistor pattern 
includes only a single polysilicon pattern. If the device is a SONOS memory device, the gate 
insulation is multi-layered and includes at least one silicon nitride layer. 

According to another aspect of the present invention, a method of fabricating a 
semiconductor device that includes a resistor pattern, which is formed of a conductive layer 
having a high sheet resistance, is also provided. In this aspect, a device isolation layer is 
formed in a substrate to define an active region. A first conductive layer and a second 
conductive layer are then sequentially stacked on the active region and the device isolation 
layer to form a gate pattern and a resistor pattern, respectively. Gate spacers and resistor 
spacers are formed on the sidewalls of the gate pattern and the resistor pattern, respectively 
and the second conductive layer of the resistor pattern is removed to expose a portion of the 
inner sidewalls of the resistor spacers and the top of the first conductive layer. Resistor 
electrodes are next formed to connect with both edges of the resistor pattern. The first 
conductive layer may be formed of polysilicon and the second conductive layer may be 
formed of metal silicide having high conductivity. 

An embodiment of the present invention can include the following method. A device 
isolation layer is formed in a substrate to define an active region, and a polysilicon layer and 
a metal silicide layer are sequentially stacked on the surface of the substrate. The polysilicon 
layer and the metal silicide layer are patterned to form a gate pattern comprising a first 
polysilicon pattern and a first silicide pattern on the active region, and to form a line shaped 
resistor pattern comprising a second polysilicon pattern and a second silicide pattern on the 
device isolation layer. Gate spacers and resistor spacers are formed on the sidewalls of the 
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gate patten, and the resistor pattern, respective*. Next, tire second suicide patient ts etched 
xpose a portion of the inner sidewalls of the resistor patiem tha, is aligned to the adewalls 
and top of the second po.ys.licon patient. An in.er.ayer dielecttic layer is men formed on the 
entire surface of the snbstiate. Resistor electrodes are formed to extend mrough the tn.erlayer 
dielectric layer and connect with both edges of the resistor pattern. 

to another embodiment of the present invention, a method of fabricattng the 
semiconductor substrate comprises the following. A device isolation layer is fonned ma 
substrate to define an active region. A po.ysilicon layer and a silicide layer are stacked on the 
entire surface of me substrate. The polysilicon layer and me silicide layer are patterned to 
form a gate pattern comprising a first polysilicon pattern and a firs, silicide pattern on the 
active region, and to form a line-shaped resistor pattern comprising a second polysthcon 
pattern and a second silicide pattern on the device isolation layer. Ga.e spacers and reststor 
spacers are formed on the sidewalls of the gate pattern and .he resistor pattern, respective* 
The second silicide pattern of me resistor pattern is etched .o expose a portion of the tnner 
sidewall of me resistor pattern that is aligned to sidewalls and the top of the second 
polysilicon patiem. Upper spacers are then formed on me inner sidewalls of the exposed 
resistor spacers on the second polysilicon pattern. The upper spacers are formed to have a 
vertical stdewall aligned to the inner sidewall of the resistor spacers and a curved s.dewal. 
opposite to .he vertical sidewall. Using me upper spacers as an etch mask, the second 
polysilicon patiem is etched to fotm hollow regions where the device isolation layer ,s 
exposed The hollow region includes sidewalls aliped .0 .be curved sidewalls of me upper 
spacers. Resistor electrodes are next connected ,0 bom edges of the resistor patiem. 

According to .he present invention, a polysilicon resistor having a htgh sheet 
resistance can be formed when a gate electrode with po.ycide structure is formed, a res,s.or 
: pattern with a polycide structure is formed, and men a metal silicide layer of .he restaur 
pattern is removed. In addition, a portion of the resistor pattern can be removed ,» fonn a 
hollow region, .hereby reducing the cross-section area and inching the sheet re,s.anee. 

Those skilled in the art recognize that the method of forming integrated crouds 
describedhereincanbeimplemen.edinmanydifferen.varia.ions. Therefore, although 
0 various embodiments are specifically illustrated and described herein, it will be apprec.*ed 
th a« modifications and variations of «he present invention are covered by the above teacbtngs 
and within the purview of the appending claims without departing ftom the sp.n, and 
intended scope of the invention. 
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